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PORTABLE CHARGERS HAVING POWER
FACTOR CORRECTION CAPABILITY FOR
USE WITH ELECTRIC VEHICLES

CROSS REFERENC.

L1l

This application claims priority from a Chinese patent
application entitled the following Chinese patent applica-
tions: “Portable Chargers for Use with Electric Vehicles™ filed
on Dec. 29, 2005, having a Chinese Application No.
200520147127.2. The above application 1s incorporated

herein by reference.

FIELD OF INVENTION

The present invention mvolves a type of chargers, specifi-
cally a type of portable charger with power factor correction
capability for use with electric vehicles.

BACKGROUND OF INVENTION

There are many types of chargers for electric vehicles
currently on the market. However, they do not have power
factor correction capability. This causes harmonics and reac-
tive power 1n the power system, especially with high power
clectrical apparatuses. Additionally, the output of current
clectric vehicle chargers 1s fairly low. They do not have the
charging function above 3 kW, causing low charge efficiency.

SUMMARY OF INVENTION

The goal of this invention 1s to overcome the shortcomings
ol harmonics and reactive power 1n the power system caused
by the lack of power factor correction (“PFC”) capability with
the current charger technologies, and to provide a type of hugh
power electric vehicle chargers that has the capability for
power factor correction.

This invention provides portable chargers used with elec-
tric vehicles that have power factor correction capabilities.
The charger comprises of a filtering rectifier module (100), an
IC power supply module (200), a DC-DC PFC module (300)
and a DC-DC BUCK module (400). The filtering rectifier
module (100) has one input port and two output ports. The IC
power supply module (200) has one 1input port and two output

ports. The DC-DC PFC module (300) has two input ports and
one output port. The DC-DC BUCK module (400) has two
input ports and one output port. The two output ports of the
filtering rectifier module (100) are connected to the input port
of the IC power supply module (200) and the input port of
DC-DC PFC module (300); respectively. The output port of
DC-DC PFC module (300) 1s connected to one of the input
ports of DC-DC BUCK module (400). The two output ports
of DC-DC DFC module (200) are connected, respectively, to
the other input port of the DC-DC PFC module (300) and to
the other input port of the DC-DC BUCK module (400).

The chargers provided by this invention have power factor
correction capability. They cause relatively minor reactive
power in the power system and meet the requirements for high
power charging.

DESCRIPTION OF DRAWINGS

The foregoing and other objects, aspects and advantages of
the mvention will be better understood from the following
detailed description of the preferred embodiments of this
invention when taken in conjunction with the accompanying
drawings 1n which:
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FIG. 1 1s a component diagram of an embodiment of this
invention.

FIG. 2 1s a circuit diagram of a preferred embodiment of
this present invention.

FIG. 3 1s a block diagram of a preferred embodiment of the
present invention.

FIG. 4 1s a flow chart of a preferred method of operation of

the present invention.

DETAILED DESCRIPTION OF

EMBODIMENTS

The following paragraphs describe the preferred embodi-
ments of this mvention and as 1illustrated in the attached
figures.

FIG. 1 1s a component diagram of chargers of this inven-
tion. In the diagram, stated charger comprises of a filtering
rectifier module (100), a chip power supply module (200), a
DC-DC PFC module (300) and a DC-DC BUCK module
(400). For easy understanding, FIG. 1 also imncludes a module
1 to denote 220AC city power and module 5 to denote the
battery load of the electric vehicle. The filtering rectifier
module (100) has one input port and two output ports. The
chip power supply module (200) has one mput port and two
output ports. The DC-DC PFC module (300) has two 1nput
ports and one output port. The DC-DC BUCK module has
two 1put ports and one output port. The two output ports of
the filtering rectifier module (100) are connected to the input
port of the chip power supply module (200) and the input port
of DC-DC PFC module (300); respectively. The output port
of the DC-DC PFC module (300) 1s connected to one of the
input ports of DC-DC BUCK module (400). The two output
ports of chip power supply module (200) are connected,
respectively, to the other mput port of said DC-DC PFC
module (300) and to the other input port of said DC-DC
BUCK module (400).

The filtering rectifier module (100) 1s used to recerve the
residential 220v residential AC power and to convert residen-
tial AC power to full-wave rectified DC power. The chip
power supply module (200) 1s used to incept output voltage
from filtering rectifier module (100) and to transmit the
received power to both the DC-DC PFC module (300) and the
DC-DC BUCK module (400) as the drive signal. The DC-DC
PFC module (300) 1s driven by the chip power supply module
(200) to generate the full-wave DC power from the filtering
rectifier module (100), to output constant DC signals, and to
shut off the DC-DC PFC module (300) in the event of exces-
stve current. The DC-DC BUCK module (400) receives the
DC power from DC-DC PFC module (300) and to convert
incepted DC power to the voltages that are suitable for elec-
trical charging and are guaranteed for voltage stability.

The following paragraphs describe the preferred embodi-
ment of this new type imvention, illustrated in FIG. 2.

In the preferred embodiment designed in accordance with
this invention, the described filtering rectifier module (100)
can be the filtering rectifier modules currently used on electric
vehicles.

In the preferred embodiment designed in accordance with
this invention, the described chip power supply module (200)
comprises an 1solation transformer (not illustrated) that 1s
used to convert received signal to at least two-way constant
signals. The chip power supply module (200) can be com-
monly used power supply chips such as UC3843 or UC3842,
3844, etc, 1n same chip series.

In the preferred embodiment designed in accordance with
this invention, the described DC-DC PFC module (300) com-
prises a control circuit (310) and a PFC circuit (320) corre-

sponding to the control circuit (310). The PFC circuit (320)
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has positive and negative nodes to receive output from the
filtering rectifier module (100). The PFC circuit (320) has a
MOS switch Q1, divider resistors R1 and R2, a voltage sam-
pling resistor Rs1, a charging capacitor C1, an inductor L1
and a diode D1. The drain of said MOS switch 1s connected to
the positive node of the PFC circuit (320) via inductor L1 and
to the positive node of diode D1. The cathode of diode D1 1s
connected to serial resistors R1, R2 and voltage sampling
resistor Rs1, which 1s connected to the negative node of the
PFC circuit (320). The source of MOS switch (Q1 1s connected
to the negative node of PFC circuit (320) via voltage sampling,
resistor Rs1. The gate of MOS switch Q1 recerves the output
signals from the control circuit (310) of PFC module. The
voltages obtained from and between resistors R1 and R2 are
introduced to the control circuit (310) of the PFC module. The
negative node of PFC circuit (320) 1s connected to the control
circuit (310) of PFC module as the signal mput port. The
charging capacitor C1 1s parallel to R1 and R2.

The described inductor L1 1s used to store energy to guar-
antee that there will be current tlow to capacitor C1 when the
circuit 1s open. The diode D1 1s used to guarantee the unidi-

rectional flow of the current. The following ICs can be used as
PFC module control circuit (310): UC 3834, a product of

Modulerode, L6561, a product of ST, NCP1601, a product of
ON Semi and UCC2851x series by TI. Preferably, the PFC
module control circuit (310) 1s IRF1150, which has high
power. The PFC module control circuit (310) samples the
voltage between divider resistors R1 and R2, and controls
pulse-width modulation (PWM) of the MOS switch, thus
stabilizes the output of the capacitor C1. Additionally, PFC
module control circuit (310) samples the main circuit current.
The PFC module will be shut off when the current 1s excessive
in order to guarantee the safety of the electric device.

In this preferred embodiment designed 1n accordance with
this ivention, the described DC-DC BUCK module (400)

comprises a BUCK module control circuit (410) and a BUCK
circuit (420) corresponding to the control circuit (410). The
BUCK circuit (420) has positive and negative nodes to
receive PFC circuit’s (420) output. The BUCK circuit (420)
comprises a filtering capacitor C2, a diode D2, a MOS switch
(02, an inductor L2, divider resistors R3 and R4, a voltage
sampling resistor Rs1 and a charging capacitor C3. The fil-
tering capacitor C2 1s connected to the positive and negative
nodes of the BUCK circuit to filter out the high frequency
clutters. The drain of said MOS switch 1s connected to the
positive node of BUCK circuit. The source 1s connected to
inductor L2 and the cathode of diode D2. The gate connects to
BUCK module control circuit (410). Inductor L2 1s connected
to resistors R3, R4 and voltage sampling resistor Rs1, which
1s connected to the negative node of the BUCK circuit. The
anode of diode D2 i1s connected to the negative node of the
BUCK circuit. The voltages obtained from and between resis-
tors R1 and R2 are introduced to the BUCK module control
circuit (410). The signal after Rs2 1s introduced to the BUCK
module control circuit from the negative node of the BUCK
circuit. The charging capacitor C3 1s parallel to resistors R3
and R4.

The stated inductor L2 1s used to store the energy to guar-
antee the current will flow to capacitor C1 when the circuit 1s
open. The diode D2 1s used to guarantee the unidirectional
flow of the current. The preferred BUCK module control
circuit (410) 1s UC3843. The BUCK module control circuit
(410) samples the voltage between divider resistors R3 and
R4 and controls pulse-width modulation (PWM) of the MOS
switch Q2, thus to stabilize the output of the charging capaci-
tor C3, thus stabilizes the output of the capacitor C3. There-
tore, when the electric vehicle battery load (5) connects to the
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both electrodes of the charging capacitor C3 during charging,
the current output will not reduce sigmificantly when the
voltage output increases due to the increase of battery voltage.

Referring to FIG. 3, the city power 310 provided 1s 220v
and 1in the preferred embodiment the circuit can be designed
as such.

There 1s a circuit breaker/relay device 312 that can serve as
the main power switch as well. Such device serves as a safety
feature 1 order to shut power ofl in an abnormal event.

The relay device 312 can be operated by a control circuit
module 350. There are also two relays, one serves as a power
switch 312 and the other serves as a pre-charge switch 314
(for controlling current tlow 1n a short-circuit event, perhaps
with a current sensing power resistor).

There 1s afilter 318 for filtering the power being supplied to
help 1n providing a stable power output.

The power 1s then provided to a three-level supplemental
power supply 320. Here, the alternating current from the filter
318 1s provided to the supplemental power supply 320, which
outputs 1solated DC power supply to the PFC step-up voltage
converter using 13.5v, a DC-DC step down voltage converter
using 12V and 15V, and a control module 350 using 12v.

A rectifier 322 1s also provided to convert alternating cur-
rent to direct current, thereby allowing the step-up converter
324 to operate.

The PFC step-up converter 324 converts the rectifier 322
output from halt-wave DC to constant DC where the designed
output 1s 380VDC. The preferred control 1C 1s IR11301S to
regulate the current output. There are other ICs that can be
used as well to achieve PFC step-up function.

The DC-DC step-down converter 326 receives the DC
output from the step-up converter 324 and adjusts to voltage
to 188V-360V (the operating range of the 94 battery) and also
adjusts the constant current output to 5 A. The preferred
control IC 1s UC3843, achieving constant voltage, over volt-
age protection, over current protection, and working with
comparator to achieving constant current output. There are
other ICs as well for DC-DC step-down conversion.

The control module 350 includes: a main switch (on the top
of the box), a control relay which allows, after the main
switch 1s turned off, first turning on the main circuit and
through the current-sensing power resistor controlling the
amount of input power with respect to the current of the large
capacitor 1n the circuit (a protective function). After a delay of
2 seconds (adjustable), the second relay closes short-circuit
current-sensing power resistor allowing returning to normal
operation. After 2 more seconds of delay (adjustable), PFC
step-up circuit 324 and DC-DC step-up circuit 326 are simul-
taneously closed and signals locked. At this time the PFC
step-up circuit 326 operates immediately, it raises the voltage
level to the designed level (380v) within 1 second; and the
DC-DC step-down circuit 326 starts after 2 seconds (adjust-
able), adjusting mput voltage to the proper output voltage
level, satistying the output level at constant SA (adjustable).
Also, the control module 1s equipped to detect over-voltage,
over-current situations; upon the occurrences of those type of
events, the relay, PFC step-up circuit and DC-DC step-down
circuit would be closed. At this time, the main power supply
would need to be shut-down and restarted in order to return to
operation. IT high temperature 1s detected, the relay, PFC
step-up circuit, and DC-DC step-down circuit would also be
shut off. Once the temperature returns to a safe range, like
resetting the on switch, the charger would be restarted. The
module also includes indicator lights, indicator light for
power mput (red color), and indicator light for when output
voltage 1s operating (green color).
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The controller area network (“CAN”) transceiver module
332, using a single chip solution (preferring PIC 1C while
other ICs can be used as well), using the CAN transcerver 1C,
can allow the charger to connect to the CAN network of the
clectric vehicle. When a charging signal 1s recerved allowing
charging, the charger 1s allowed to operate, and during charg-
ing, if a stop charging signal i1s received (such as a fully-
charged signal, a serious malfunction signal, over-voltage,
over-current, over-temperature, etc.), CAN transceiver mod-
ule 332 would inform the control module 350 to close the
relay, thereby closing the circuit and stopping the charge.

The fan 340 reduces heat. Because city utility power 1s
used, after the charger 1s turned on, 1t will continue to operate
to provide air to cool the components.

The electric car can be vehicles using type 94 batteries. The
normal operating range of such battery pack 1s 188v-360v.

Referring to FIG. 4, the operational steps of the preferred
embodiment of the charger of the present invention 1s 1llus-
trated. First, the city power mput cable, CAN control cable,
and power output cable are connected 410. The indicator light
and fan are turned on 412. In the next step 414, whether
charging 1s allowed or not 1s communicated between the
charger and the electric vehicle via the CAN control cable. If
charging 1s not allowed, the switch 1s toggled 416 and the
process 1s stop (or can be restarted later) 418. If charging 1s
allowed, the switch 1s toggled 420 and pre-charges the capaci-
tor of the PFC circuit 422. After a pre-set delay, the PFC
circuit provides a high voltage (380V) 424. The status 1s also
checked to see 11 charging should be continued or should be
stopped (due to maltunction) 426. After another pre-set delay,
the buck circuit will operate and provide the designed voltage
level and the charging indicator light 1s turned on 428. The
cycle, 422,424, 426, and 428 operate continuously. Once 1t 1s
tully charged, the switch can be toggled 430.

While the present invention has been described with refer-
ence to certain preferred embodiments, 1t 1s to be understood
that the present invention 1s not limited to such specific
embodiments. Rather, it 1s the inventor’s contention that the
invention be understood and construed 1n its broadest mean-
ing as reflected by the following claims. Thus, these claims
are to be understood as incorporating not only the preferred
embodiments described herein but also all those other and
turther alterations and modifications as would be apparent to
those of ordinary skilled 1n the art.

We claim:

1. A portable charger having power factor correction capa-
bility for use with electric vehicles, comprising: a filtering,
rectifier module, a chip power supply module, a DC-DC
power factor correction (“PFC”) module, and a DC-DC
BUCK module, wherein the filtering rectifier module has one
input port and two output ports; the chip power supply mod-
ule has one mnput port and two output ports; the DC-DC PFC
module has two mput ports and one output port; the DC-DC
BUCK module has two input ports and one output port; the
two output ports of the filtering rectifier module are connected
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to the mput port of the chip power supply module and the
input port of the DC-DC PFC module, respectively; the out-
put port of the DC-DC PFC module 1s connected to one of the
input ports of the DC-DC BUCK module; the two output
ports of the chip power supply module are connected, respec-
tively, to the other mput port of the DC-DC PFC module and
to the other mput port of the DC-DC BUCK module.

2. The portable charger of claim 1, wherein, the chip power
supply module comprises an 1solation transformer that con-
verts the received signals to at least two-way constant voltage
signals.

3. The portable charger of claims 1, wherein the DC-DC
PFC module comprises a PFC module control circuit and a
PFC circuit corresponding to the control circuit; the PFC
circuit has both positive and negative electrodes that incept
filtering rectifier module output; the PFC circuit has a MOS
switch Q1, divider resistors R1 and R2, a voltage sampling
resistor Rs1, a charging capacitor C1, an inductor L1 and a
diode D1; the drain of the MOS switch 1s connected to posi-
tive electrode of the PFC circuit via inductor LL1 and 1s con-
nected to the anode of the diode D1; the cathode of diode D1
1s connected to serial resistors R1, R2 and voltage sampling
resistor Rs1, which 1s connected to the negative electrode of
the PFC circuit; the source of MOS switch Q1 1s connected to
the negative electrode of PFC circuit via voltage sampling
resistor Rs1; the gate of MOS switch Q1 incepts the output
signals from the control circuit of PFC module; the voltage
obtained with voltage division formulas of series resistors R1
and R2 1s introduced to the control circuit of PFC module; the
negative electrode of PFC circuit 1s connected to the control
circuit of PFC module as the signal input port; the charging
capacitor C1 1s parallel to R1 and R2.

4. The portable charger of claims 1, wherein the DC-DC
BUCK module comprises a BUCK module control circuit
and a BUCK circuit corresponding to the control circuit; the
BUCK circuit has positive and negative nodes to incept the
output ol PFC circuit; the BUCK circuit comprises a filtering
capacitor C2, a diode D2, a MOS switch (Q2, an inductor L2,
resistors R3 and R4, a voltage sampling resistor Rs1 and a
charging capacitor C3; the filtering capacitor C2 1s connected
to positive and negative electrodes of the BUCK circuit; the
drain of said MOS switch 1s connected to the positive elec-
trode ofthe BUCK circuit; the source 1s connected to inductor
[.2 and the cathode of diode D2; the gate 1s connected to the
BUCK module control circuit; the inductor 1.2 1s connected to
resistors R3, R4 and voltage sampling resistor Rs1, which 1s
connected to the negative electrode of the BUCK circuit; the
anode of diode D2 is connected to the negative electrode of
BUCK circuit; the voltage obtained with voltage division
formulas of series resistors R1 and R2 1s introduced to the
BUCK module control circuit; the signals aiter Rs2 are intro-
duced to the BUCK module control circuit from the negative
clectrode of BUCK circuit; and the charging capacitor C3 1s
parallel to resistors R3 and R4.
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